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Cigarette smoking has been implicated in the patho¬ 
genesis of ischemic heart disease, emphysema, ob- 
smictive lung disassa and neoplastic disorders. More 
than 1000 constituents of smoke, including many oxi¬ 
dants. pro-oxidants, free radicals and reducing agents, 

have been identified. The activities of erythrocyte su- 

peroxide dismutase (SOD), catalase (CAT) and glu¬ 
tathione peroxidase (GSH-Px), which are the impor¬ 
tant components of antioxidant defense system, ware 
measured in 100 healthy volunteers. This study in¬ 
cluded heavy smokers (consuming cigarettes h 20 per 

day; n-30, group I), light smokers (consuming ctga- 
rettes«20 per day; n=30, group II), passive smokers (ex¬ 
posed to cigarette smoke in the indoor environment; 
n- 20 , group III), and non-smokers (n-ZO. the control 
group). While activities of SOD and CAT In erythre- 
cytes were significantly lower In groups I, (I and 111 than 
In the control group Ip^O.DI tor all), mean arythroeyte 
GSH-Px activity in group 111 was higher than that in 
groups 1. II and in controls. These results suggest that 
the increased oxidative stress occurs In smokers. Ow¬ 
ing to the free radicals present in smoke, it might 
cause a decrease in antioxidant enzyme activities and 
axldant/antloxldant Imbalance. We also observed that 
passive smokers were affected by the environmental 
smoke to the same extent as active smokers. Clin 
Chem Lab Med 2002; 40(61:612-615 
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Introduction 

Cigarette smoking has been identified as a significant 
contributing factor in the etiology of respiratory, cardio¬ 
vascular and other disorders ID. Mom than one thou¬ 
sand constituents of smoke, including many oxidants, 
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pro-oxidants, free radicals and reducing agents, have 
been identified (2,3). A further oxidative burden can be 
imposed on smokers as a consequence of a chronic 
lOW-leyel inflammation of the respiratory tract. The 
numbered inflammatory cells in theairwsys of smokers 
is increased 2-to4-fold (4). These cells generate a range 
of fraa radicals, mainly oxygen-based, which are linked 
With their normal role in host defense (1). 

Because free radicals are potentially toxic they Usu¬ 
ally are inactivated or scavenged by antioxidants be¬ 
fore they can inflict damage to lipids, proteins or nucleic 
acids. The human body has a complex antioxidant de¬ 
fense system that includes the antioxidant enzymes su¬ 
peroxide dismutase (SOD), glutathione peroxidase 
IGSH-Px) and catalase (CAT). These block the miration 
of free radical chain reactions. The non-enzymatic an 
tioxidanI components consist of moleculesstleh as glu¬ 
tathione. a-tocophsrol, ascorbic acid and ^carotene 
that react with activated oxygen species and thereby 
prevent the propagation offree radical chain reactions. 
However, when free radicals are generated in excess or 
the cellular antioxidant defense system is defective, 
they can stimulate chain reactions by Interacting with 
proteins, lipids and nucleic acids, causing cellular dys¬ 
function and even death (S). 

There are contradictory findings on this subject in 
the literature. For example, increased CAT activity and 
decreased GSH-Px activity in the erythrocytes have 
been reported in smokers in one study (6). but in the 
study of Brown ef a/, (7) erythrocyte antioxidant en¬ 
zyme activities were found to be increased in smokers. 
In another study erythrocyte activities of SOD, CAT and 
GSH-Px were found significantly decreased in smokers 
(8). In the present study we investigated the effect of 
smoking end number of cigarettes consumed per day 
on the activities of the antioxidant enzymes (GSH-Px, 
CAT and SOD) in erythrocytes, and we also investi¬ 
gated the relationship between these enzymes and the 
number of cigarettes consumed per day, and smoking 
duration. 


Materials and Methods 

This study included 100 healthy subjects 169 male and 31 fe¬ 
male, aged 19 to 58 years). All subjects were healthy volun¬ 
teers recruited from among [he hospital employees or their 
friends. Informed consent was obtained from alt subjects. 
They were not Buffering from any diseases and were not an 
any medication, including vitamins. The subjects ware di¬ 
vided into four subgroups: group I (heavy smokers) were indi¬ 
viduals smoking 2 20 cigarettes per day (n-3Q), group IJ (light 
smokers) were Individuals smok1ng<20 cigarettes per day 
(n=30), group III (passive smokers) were exposed to passive 
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smoks at work or at home (n»2D|, and group IV (control group) 
were non-smokers not exposed to passive smoke at work or ar 
home. The demographic data of the 100 subjects ere pre¬ 
sented in Table 1. 

Venous blood was collected in tubes with acid citrate dex¬ 
trose and MnfhfuflGii ai 2500 x g for 15 min. Erythrocytes 
were washed 3 times with ecjual volumes of phosphate buffer 
saline (PBS). Than. 0.4 ml of washed erythrocytes was trans¬ 
ferred into tubes with 0,4 ml PBS and stored ai-80"C until 
analysis. The remaining blood was collected in plain tubas, 
without anticoagulant, and centrifuged at 3500 x jjfor 5 min. 
The serum was used for routine biochemical analysis. Sub¬ 
jects who had abnormal biochemical results were excluded. 

Hemoglobin concentration was determined uriing the cyan- 
methemoglobin method 19). The principle of SOD activity 
measurement was based on the Inhibition of nitroblue retro 
tplium reduction with the xanthine xenthine oxidase system 
as s superoxide generator. Superoxide radicals produced re¬ 
duce nitroblue Iptrazolium and form formazane. SOD prevents 
this reaction, and its aotivity is inversely proportional to the 
absorbance value of formazane at 5SQ nm. By using a blank in 
which all reagents were present except erythrocytes, and by 
determining the absorbances of samples and blank, activity 
was calculated as follows: 

Perceni Inhibition-! <A Wll „| l -A» OT1 |J/Au i „v I x ion. 

One SOD unit was defined as the amount of the enzyme 
canning 50% inhibition of the niiroblus tfltrazallum reduction 
rate. SOD activity was expressed in units per gram hemoglo¬ 
bin (101. 

The principle of GSH-Px activity assay was based an the de¬ 
crease in absorbance of NADPH at 340 nm. GSH-Px oxidizes 
reduced glutathione to oxidized glutathione which is then re¬ 
duced by glutathione reductase. In the last reaction, while 
NADPH is oxidized ro NADP\ the absorbance of NADPH at 
340 nm begins to decrease steadily. By measuring the ab- 
sorbihen change par minute and by using the molar extinc¬ 
tion coefficient Of NADPH. GSH-Px activity of srythrocytBs is 
calculated par gram hemoglobin {1 i). 

The principle of the CAT activity assay is based on the de¬ 
termination of the rata constant (s -1 , kl of the hydrogen perox¬ 
ide [HjO,l decomposition rate. Hate constant, k = (1/At) x 
h(A,/Aj), where A. and A z , are the absorbance values of HjOj 
at limes t, and r 2 . CAT activity was expressed as k/g hamoglo- 
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bin (Ui, Serum thiocyanate levels were used as an indicator 
of cigarette smoking. 

Results were given as mean - SD. Erythrocyte SOD. GSH-Px 
and CAT activities were analyzed by one-way ANOVA and the 
significance of the mean differences between groups was 
evaluated by Duncan test. For correlation analysis, Carl Pear¬ 
son Moment correlation teat wee uBad. 


Result* 

The mean activity of SOD, GSH-Px and CAT in the ery¬ 
throcytes in the different groups are given in Table 2. 
The results of correlation analysis between the activi¬ 
ties of the studied enzymes and between these activi¬ 
ties and the number Of cigarettes consumed per day 
and smoking duration are given in Tabis 3. 

As shown in Table 2, there were statistically signifi¬ 
cant differences between mean activity of the enzymes 
In most orf the groups, In this regard, CAT and SOD ac¬ 
tivity in the control group and GSH-Px activity in group 
III were found to be higherthan in the other groups. Re¬ 
garding GSH-Pk activities, there were differences be¬ 
tween the control group and groups I and II, but these 
were not significant- While the activity of SOD and CAT 
In erythrocytes whs significantly lower in groups I, II 
and III than in group IV (p<0-01 for all), the mean ery¬ 
throcyte GSH-Px activity jn group III was higher than 
that of groups I, II end iv (p<c.ai for all). 

In group I a negative correlation wee found between 
the number of cigarettes consumed per day and ery¬ 
throcyte CAT activity (r=-Q.34, p-rO.05). in group II. a 
negative correlation was found between erythrocyte 
SOD activity and the number of cigarettes consumed 
per day, and smoking duration (r=-0.36, p<O-06 and 
r—0.40, pcO.OB, respectively). There was also a corre¬ 
lation between GSH-Px and the duration of smoking 
(te-0.49, p<o.0l)_ There was a significant correlation 
between the activity of erythrocyte SOD and GSH-Px in 


Table 1 Age end duration of smoking in the study participants. 




Goupl 

(heavy smokersl 

Group II 
(light smokare) 

Group III 

(passive smokare) 

Group IV 
(control*) 

Age (years! 

Duration of smoking (years) 
Cigarettes/day 

32.90±7.26 

13.93x12.00 

24.67*6.71 

28.37i7.62 

9.27x7.10 

13.17x3.46 

28.35x9.59 


30.95x1.16 

Table 2 Erythrocyt 

e scirvitias of SOD, GSH-Px and CAT in smokers and controls. 




Group I 

(heavy smokers) 

Group II Group III 

(light smokers) (passive smokers) 

Group iv 
(controls) 


SOD (U/gHb) 

CAT (k/gHb) 

GSH-Px (U/gHb) 

2009.2*272.2* 
241.3x198.9* 
22.95x11.72** 

1922x239.6* 1902x284.4* 

344.6x170.8* 364-1x135.4* 

21.16x5.62** 32.57x934 

2389-8x436.6 

565.5x194.7 

27.01*8.13** 


Values ara m^an-SD; *p<o.gi compared with group IV; **p«0.01 compared with group III 
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Table 3 Relationship between enzyme activities and smoking status in smokers and controls 
(correlation coefficient). » 


Groups 

Group 1 

(heavy smokers) 

Group II 
(light smokers) 

Group III 

(passive smokers) 

Group IV 
(controls) 

SOD/GSH-P* 

0.22 

0,59* 

0.44 e 

0-75" 

SOtyCAT 

0.01 

-0.07 

0.19 

0.26 

GSH-PWCAT 

0-27 

—0.14. 

0-47= 

-0.C3 

Number of cigarettes^CAT 

-0.34C 

-0.06 

- 

- 

Number of cjgarottes/SOO 

0.00 

-•0.36" 

- 

- 

Number of digarem^GSHP* 

-0.11 

-0.29 


- 

Duration of smoking/CAT 

-0.1B 

-0.02 

- 

- 

Duration of smoking/SOD 

-0.09 

-0.40= 

- 

- 

Duration of etnoklng/GSH-Px 

-0.16 

_Q.49ti 

- 

- 


*n<aoDi ( *«p«a,oi, c p<o.os 


groups II, III and IV (r-D,59, p*0.001; r=0.44, p<0.05 and 
r=0.75, pcQ.QDI, respectively). Finally, theTe was a cor¬ 
relation between the activity of erythrocyte CAT and 
GSH-Px lr-0.47, p«o.05) in group III. 

Discussion 

Cigarette smoke contains many oxidants, free radicals 
and metastabla products that are capable of reacting 
with, or inactivating, the essential cellular constituents. 
In addition, smoking causes an increase in oxidative 
metabolism of macrophages and neutrophils. The in¬ 
creased oxidative metabolism of phagocytes is accom¬ 
panied by the Increased generation of reactive oxygen 
species (2—5). Because these are potentially toxic, they 
usually are Inactivated or scavenged by antioxidants 
before they can inflict damage to lipids, proteins or nu¬ 
cleic acids causing cellular dysfunction and even death. 
SOD, CAT arid GSH-Px are generally believed to play vi¬ 
tal rplys in protecting the body against the toxic affect 
of oxidants (71. 

Wa found significantly decreased erythrocyte SOD 
and CAT activities in active end passive smokers in com¬ 
parison to non-smokers. Thera was a tendency towards 
decreasing SOD and CAT activity in the erythrocytes 
from group IV to group I. Erythrocyte GSH-Px activity 
was highest in passive smokers and lowest in light 
smokers. Thia decrease in enzyme activity most proba¬ 
bly reflects the Increased oxidative stress thought to oc¬ 
cur in smokers. Breakdown of antioxidants may occur In 
cigarette smoking (13). Whilethere was a positive corre¬ 
lation between the activity of SOD and GSH-Px in groups 
II and III and in the control group, there wee no correla¬ 
tion in the heavy-smoker group which indicated abol¬ 
ished relationship between the activity of free radical 
metabolizing enzymes. GSH-Px and CAT complement 
each other in respect to intracellular location. CAT scav¬ 
engers high concentrations of HjD 2 more effectively, 
whereas GSH-Px is important as a scavenger at low con¬ 
centrations (14). Generally, the change in CAT activity is 
closely related to the level of SOD because superoxides 
are converted to H 2 O z by SOD orby spontaneous dis mu¬ 
tation reaction (5). The enhanced susceptibility of ery- 


thrpcytes in smokers to peroxidation may reflect lower 
activities of GSH-Px, CAT and SOD. Differences in GSH- 
Px activity between smokers and non-smokers have 
been reported previously and may be associated with 
the decreased selenium status (IB). Smokers may be 
less sensitive to free radical damage than non-smokers 
because of changes in tha levels of antioxidant en¬ 
zymes. In passive smokers. Increased GSH-Px activity 
exerts a protective effect from subsequent oxidant 
stress. This may explain why GSH-Px was higher In pas¬ 
sive smokers then in active smokers. 

Increased (7) and decreased erythrocyte antioxidant 
enzyme activity (8. 13) has been reported in smokers. 
Duthia er al. (6) reported that arythrocyta CAT and SOD 
activity was the same in smokers and non-smokers, 
while GSH-Px activity was lower In smokers. Thera were 
no effects of smoking on erythrocyte CAT and GSH-Px 
activity in another study (16). Hulaa at al. (17) found 
higher erythrocyte GSH-Px and SOD activity in smokers 
in ihp 18-45 years age group and lower activity in the 
age of 46-80 years. In cigarette smokers, erythrocyte 
G5H level was significantly lower compared to healthy 
controls (1 8). It has bean demonstrated that smoking de¬ 
presses plasma antioxidant capacity (19, 20, 21], and 
smoking cessation is associated with decreased mark¬ 
ers of oxidation in the plasma of active cigarette smok¬ 
ers (19). The authors of the study argue that this finding 
is consistent with the view that smokers are under a sus¬ 
tained oxidative load and that an Inadequate antioxidant 
status combined with the increased free radical load 
causBd bv smoking may exace rbate the oxidation of LDL 
and increase its atherogenic properties (20}. 

Our results showing lower activity of SOD, CAT snd 
GSH-Px in the erythrocytes are consistent with previ¬ 
ous findings. Lower levels of antioxidant enzymes may 
cause the accumulation of free radicals generated by 
smoking. It has been demonstrated that a pro-oxidant- 
amioxidant imbalance exists in the blood of smokers. 
Generally, the redox status in vivo is determined by the 
balance between pro-oxidant Bnd antioxidant capacity. 
Our data show clearly that exposure of humans to cig¬ 
arette smoke results in the decrease of the activity of 
the major antioxidant enzymes. 

In conclusion, an oxidant/antloxldam Imbalance ex- 
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ists in smokers and Oxidative stress might be exacer¬ 
bated. Passive smokers are rffectad by the environ¬ 
mental smoke as much as active smokers. 
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